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АЬstrасt.
А nerv method is clescribed of spectral observations in the mode of сhаrgе shift in а CCD chip intlre direction регрепdiсulаг to the dispersion. T}re vacant area of the dеtейоr i, uЙ rо. tеmроrаrуStоrа8е of а sequence of spectra, This minimizes tlre time consumed fоr геаd-оut and recording ofimages, ,n,hic}r пrаkеs it possible to obtain а Seqlrence ur.р..t"u rvith а highеr time гesoiutiorr. Themode is implementecl with the ВтА spectrograph sp-124. photometric ancl positional stabilitiesof the technique have been iпvсstigаtЪа. Poi",.i;ul purЫbilir, of detecting а s}rort-periocl signaiand гарid nonstationary рrосеSSеs i, .ho*r,. This mbde of observation provides а maximum gainwith ехроsurе frоm fractions of а secorrc] to а few nrinrrtes.
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1. Introduction
Тhеrе аrе а rrurnber of tasks t}rat rеquirе spec:tral da-ta obtained with high time resolutibn (1-10s), Thisis а sеаrсh for possilile periodicities at timu, fromten to а few hundred seconds. Тhеsе tasks еmегgе'in раrtiсulаr, rvhen studyirrg cataciysmic ,"БI};
singie pulsating white dwarfs, binary degenerate оЬ-jects, rapidly pulsating magnetic ,tu.r, i-.uy biTiar.y
systems containing а pulsar and оthеrs. Fast spec-troscopy with пrciderate spectral rеsоlutiоп of pu1-
sating rvhite drvarfs has recerrtly been conciucted ЬуClemens et at. (1999). Using tbe tor-.eЙtiorr spec-
trоgгарh ofthe telescope KeckII, they have fclunjpe-riodic rаdiаi velocity arid flux vaгiations in tlre spec-trum of the white dwarf G 29-38 (V:13?'0) ll ith реri-ods of 300-800s, which аrе similar tu tboro obtairredfrош photometry. Ноwечег, п.hеlr anall,zirrg trigh fге-quencies, the authors wel.e iimitec1 bi. ibe ёСп ..аа-

ctut time. The minimum periotl асеsýые to them wasаЬоut 5tJs. То speed up the detectoг."o,iuut, binnirrg
was appiied, which impaired the sресtгаl reso]ution.

we have realized а пrethod oi observation withSP-124, whic}r, оп the опе }iand, makes rпоге effec-tive use of the CCD detector апсl, оп the оthеr hand,minimizes time losses fог геаdоut ап.l image rесоrс1-
irrg. when doing spectroscopy rvittr shrlrt 

".-*1rorr.ur.This rеsults in essential *"аИ"rrirrg crf hurrrro.ri.s c,fcovering factor on the реriоdоgгаm.
The modified diffraction Ъресtrоgrарh SP-124(,Gull et ai.. 1976; Afanasiev 

"t 
ul., lЭЭ-i; ir,rrutt.a u'the ВТА lrTasmyth-1 focus is used to obtain шоdегаtе-resolution (2-10А) spectra. А CCD .vsterrrp.odu..d

Ьу the firпr P}rotometrics r,r,,it}r the шаtriх Тк 1024

(1024х 1024 pixels) SеrчеS as the detector. Ечеп with
t}re slit trs trig}r as 40'', the extent of the Spectrurn
асгсlss t}re dispersiorr is but а small раrt of the cletec-tol Size ilr this соогсliпаtе, аррrохimаtеlу 90 pixels.
\\rhen doing SресtгоSсору orri.tta. obiects, the detec-tог is utilized el.err less effectivety. rV;tb all ачега8е
seeing of х 2'' t}re spectrum will take orrly about 5pixels in height.

Rcaclout of the irnage frопr the CCD and its
rс,:соrdirrg rергеsеrrt а геlаtir,еlУ sior.v ргосеss. R,eadout
arnd stora.ge of а detector аrеа оf 1024 х 90 pixels takeabout 12s, inclucling forced delays fоr irrrage trans-
fеr ttl the ВТА corrtrol rоошl, urrj it, aгclriving. This
resrt]ts in patrsc.ls betrveen ехроSurеS, ivlrich, й bigb
time-resolution (< 10.s) spectior.op1., lтrul.be cornpa-
гаЫе wittr the tirne of acquisitiorr. ть" oi.u..or.c. uftinre rvindows at rеgu.lаг iritervals cclrnplicates iargeiy
isolation of the peTiodic sigrral clf the object, since the
peaks. on thе реriоdоgrаm ofthe р.о."rr, which соrrе-
spond.to the covering factor of observations, аrе \rеrу
irrtensive. Tliis can Ье avoided Ьу application of t}reobserving teclrnique lve аIе a"r.ribir.j.

2. Ореrаtiоп

Тhе fast spectroscopy technique shifts the acquired
spectrum to the сiеаr агеа of the detector. In оthеrworcls, the detector аrеа fгее frorn the sресtгurп isused 

,fоr_tеmроrаrу storage of а пuпrЬеr of images.
The displacement of the sЙtrum i, 

"".o-plirhed Ьуwal, of shifting the accumulated ctrarge towards thereadout register. (Remington, 199а). The ,bitt ,boutaье made across the dispersion Ьу а raiue not ]ess than
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the sресtrum height. The latter is necessary to avoid
overlapping of adjacent images. The slrift ralue may
change depending оп the object briglrtness. Fоr stel-
Iаr tasks the shift mау amount to 10-15 pixels. This
will allow as mапу as 50 spectra to Ье "tnemorized" in
the unexposed аrеа of the detector. The undispiaced
image is ]ocated in the пriddle of the CCD fоr the
existing version of disposition of the detector irr the
sресtrоgгарh SP-124, and only the аrеа extending to
the readout register, i.e. half of the 1024 pixels, mау
Ье used for storage. Sliift of each riext spectrum dis-
places all previous ones closer to the readout register"
The operation of shifting in contrast to readout is а
process which is two оrdсгs of magnitrrde fa,ster. А
shift Ьу опе line takes approximately 0,2 пts, whereas
readout of one ]ine takes аЬоut 50 ms (fоr the read-
out frequency of 20kНz). This impiies that сhаrgе
trапsfеr to the storage агеа is r.irtrral]y instantaneous.
Wherr the аrеа is fu]I, it is геаd out and stored. This
rеquirеs 40s (for thе readout frеquепсу of 20kHz).
Неrе is inclrrded the time the irnage is tгansniitted to
the ВТА сопtгоl rооm апd stored. In а поrmа1 mоrlе
а detector rеgiоп of 1020х10 pixels is readorrt arrd
stогесl during 7s, Fоr this геаsоп, uпdеr tire condi-
tions of spectгoscopv rvith shift We Save rrp to б s in
eacli ехроsurе, dependirrg orr the пumЬег of spectra
accumulated rvithout readout, In higli time-resolution
(frоm 1 to 10s) spectroscop1, tlre saving of оЬsсrча-
tional tirne turns out to Ье 35% to 75%.

The disadvantages of the teclrnique consist irr that
tlre images iri the sttlгаgе аrеа continue being Ьопr-
barded Ьу cosmic рагtiсlеs and аrе affected Ьу dark
сurгепt. The dark сurrепt of the ccD irr the саrпега
СН 260 of Рhоtопrеtriсs firm is relativelr. Iоц,. a}rotlt
15е-/рiхеls/hоuг. Ноwечег, the accumulation clf cos-
mic рагtiсlе trасеs atrd dark curгertt rеquiгt:s tlre total
time of acquisition of sресtrа ц,ithout readout of im-
agcs to Ье linrited.

3. Method ассurасу
With tlre airTr оf testirig tlre пrethod and defining its
ассuгас\, сlrаrасtсгistiсs we obtained spectra of dil{еr-
cnt artificial sourсеs of гadiatiolr.

1. А high-stability sоuгсе of light made оп
tlre basis of а semicclncluctor photodiocle. Dirесt
сurrепt stabilization throrrgh the photodiode and
соrrrраrаtiчеl1. shоrt ехроSltгеs m,аdе it possible to
obtain а constant iight flux in an isolateci portion
of the spcctrum (with по alloп.atrc:e fоr the noise
cornponerrt). \\'ith t}re aid of this Sоurсе we checked
рhоtоmеtгiсl stability alrd stability of t}re sресtгum
IJosi] iL,II ;IсгоsS r ho disрегsiоп,

2, Tlre same p}rotodiode, but the direct сurrепt
it саггiеd lr,:rs Inodulated thrоugh а linearly varyiltg
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saw-toothed l,oltage. Periodic variations of t}re direct
сurгепt rTragnitude caused periodic vaгiations of the
ptrotodiode rаdiаtiоп intensity. The voltage was mod-
uiated Ьу а gепеrаtоr of low-frequency oscillations
G6-1Ъ. The рrеsепсе of the signal of the specified
shape allowed the quality of separation of the signal
to Ье analyzed irr using the fast spectroscopy rnethod
with slrift. А пumЬеr of astrophysical objects, such
as pulsating vlhite dwarfs, cataclysmic r,агiаЬlеs
and ot}rers lrave periodic variations of spectral and
photornetrrc chaгacteristics at times of hundreds
of seconcls. The реriоrl (about 37s) of intensity
variations of the aгtificial sоurсе was chosen so as
to сопfогm to these periods in the оrdеr of magnitude.

3. То ехаmiпе stability of the positions of in-
dividual spectral fеаturеs, we used а line sресtrum
Sоurсе а lamp of SG3S type (its sресtrum is shov",rt
orr the гight-hапd panel of Fig.1).

In al1 three cases а сirсulаг diaphragm 1'' in di-
arneter was mounted at the sресtrоgrарh entrance.

The position of the sресtruпi сепtеr across the
dispersiorr, tlie positiorr of the сепtег of gravity alorrg
the dispeгsiolr, in the c:ase of line spectruln Soul,ce,
and the locatiolr of tlre mахimum of гadiation, in the
case the photodiode is used, nrust not сhапgе signifi-
cantly duriпg the experirrrent.

Let rrs паrпе ttre collection оf the spec:tra w}rich
wеrе mапаgеd to obtain а fгаmе. The frаmе was рrо-
cessed Ьу the N,IIDAS faci]ities irr the following оrdег,
Fiгst, cieanirrg of cosrnic particle hits was perfornred.
Тhеп t}re constant and background components очег
the frarrre wеrе reпlol'ed. This was done Ьу filtering
of eaclr ilnage соlumп on the basis of tlre algorithпr
of convo]utiorr of the spectra ц,ith а Gauss-like win-
dow. T}re algorithrns wеrе reaiized as thе NIiDAS рrо-
сеdurе (Shergin et al., 1996), Furthеr each sресtruпl
.".las ехtrасtеd. The time calibration was accomplishecl
at tlie mопrепt the first spec:trum started to Ье ех-
posed in the frаmе and at the mоmепt the acquisi-
iion of the 1ast tr:rпriпаtеd. The pause between two
seqlterrtiai exposut,es was computed proceeding frопl
the time of the beginning and end of exposure of the
frarTre and fгоm tlre total пumьеr of spectra in it. Thc
pause is deterrnined irr the main Ьу the time fоr shift-
ing the image to the storage аrеа and Ьу the llесеssаг\.
рrоgгаmmе deiay. Fоr instance, with а shift of 15 pix-
e]s the раusе is aboirt 0.03s. The time ca]ibгation of
tlre spectrum in the fгаmе was пrаdе in accordarrce
with its pozition. Tlre iпtегпа] clock of the соmрulег
doc:s not keep exact time well enough. WЪ estiпiatec:
its clrift. А frtэquencY mеtеr WaS used for this pur-
pose in t}re rnode of period measuring. The frеquепс,,,
mеtег signals wеrе fed thrоugh t}re input-output рог:
of the CCD detector сопtгоl]еr. The drift of the corrl-
ptrter ciock was frоm 0.05 to 0.1s очеr 15 minutes. Fо:
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this rеаsоп, timing of the соIпрutеr clocks with the
macirines storing exact time signals was реrfогпrеd
through the сопrрritеr network. The tinring is accoltt-
plished ечеrу 5 miпutеs. The ассurасч oi tirrre c.:ali-
Ьrаtiоп ц,,аs 0.05s during tlre ц,hоlе ехреrimепt.

The possibility of studying pcrioclic processes Ьч
Ineans of the fast spectroscopy technique сап Ье ittus-
tr:ated Ьу the ехаmрlо of analysis of thе iight сurчtз
of the photodiode whose eпiission ,,vas rrttldulatecl. То
obtain the light curve, the flux in а band of 20 pix-
els (50 А) сепtеrеd оп tlre trraximurri of eniission cif
the photodiode,6368A, was summecl up. AI1 in а11 16
frimеs wеrе obtainec] each containing 3Ь sресtrа. The
ехроSurе time was 1s, and the total tirne of acquisi-
tion of Sресtrа was about 1000s. Coricurrerrtly with
the.recording of spectra we cleternrined the IIl()aIl рс-riod and its еrrоr. P:37.631t0.007s, witlr the aid of
the frequerrcy mеtеr. Tlte nraximunr cler.iation f!оm
the mеап turпеd out to Ье 18 пrs, This is less tharr the
ассurасу of time calibratiorr. Тhе greatest peak соr-
геsропds to а period of 37.67s, which is close enouglr
to the modulation реriосl. In Fig.2 is pгeselrted alio
the phase сurче obtairied Ьу convolutiorr of the tight
сurче with а 37.63 s period. The root-tnean-square de-
viation of the points in phase frclm the snrooth ruп of
the сurче is approximate11, 0.001, which соrrеsропds
to an uncertainty of 0.04s. This is irr good agr.eellient
with tire accuracy of tinre calibration]

The light cirrve of the реrmапепtlу eniitting рhо-todiode (Fig.3a) rеfiесts stabiiity of рhЪtоrrrеtriс сhаr-
acteristics. As can Ье seerr frопi tlre figurе, the stаrг
dard deviation is about 0.001. This coгiespbnds to ап
еrrоr ý 0}001 in the stеllаг rnagrritude estilrrate. Рrо-
ceeding frоm the totai flux valuc, tlne сап el,aluate the
Poisson noise com1lollent as ъ,1 l0-'. Гоr ru"i, t,,r*"
fluxes а considerabie сопtгiьutiсlп ri.iIl ]lе rrraclc Ьч tlre

Figurе I: The sРеСtrа o!_the photottiod,e (le!t) ап,rl oJ the lаrпр SGзS (right) obtainecl uith tlle spectrclgra1lll SP_1211 ulith а d,ispersion of z,ЩA/pitel. Iп the bor оп the left 1lanel is shошп а magnifi,ed,image of the photod,i,od,esРеСtrurП Пеаr the Пt,аr'imurП of ro,d,iation, The profile,i,i ,io* to Gаussiап, тЪе"mахirтtum of rаd,iаtiоп, fallsat the wаuеlеП,gth ffi68A, Оп the right рапеl о| the figurе аrе clispla,yer| tuо lirtes: trl - i/eI(.\ 5852.19) апrJLz - HeI0,6678.15) (see text).

CCD serrsitivity inlromogerreity, which is 0.5%. Аftеr
ai,,eraging очеr the rеgiоп of fluх integration thе serrsi-
tivity irilrornogelrcity contrilluticln rna1. Ьс estinra|eci
to lle ry 5,10-4. Usirrg ali tlrc estirnates пrado to clr:-
l,ir.c ttre significance of t}re peaks ori the регiосlоgrаm,it сап Ье iпfеrrеd that significant hагrпопiсs аге сопl-
pletelr. absent. wherr t}re poisson noise predorninartes
a,s in thе case of photometгying the average intett-
sity iine irr tlre sресtгuпl of thc larnp SG3S (Fig.i,
ri,ght рапе1), the standard de,,,iatiorr of the iig}it crrrl,e
poirrts differs Гrоlrr the poissoniarr statistics bl, less
than 10%. То rечеаl ra.riations of thc location arrcl
shapc of the liпе profile, the fluх ratio in tirc blue
and геd wilgs v/R of the line is often rrsed. lt slrolrlrl
lэe noted that during the experirnerrt wit}r the реr-Inanentiy eпritting p}iotodiocle the гаtiо V/R. oi its
erriission blrnd fluc:tutrtecl п,itlrin *0.002 (о=0.001, see
Fig,3Ь). Arr1. significant peгioclic:ity in the l,ariatiort of
\'/R is absent.

Special attention should Ье giverr to pclsitional
сhаrасtеristiсs. Irr Fig.3 u.. pr"r"rrl"d the ciata on the
Ье}rаrriоuг of t}ie шахimum location of the photodi-
ode emjs_siolr (case с) anc1 the сепtсr of gravity of tп,o
lines, NTeI () 4s52.49) arrd HeI (^ 667s.lй) in the spec-
truпr of the SG3S lаmр (е and f; see also F.ig.1. right
parrel). Tlrc lines itr the sресtгum of t}rc larrrp wеrе
selected so that опе of thern ц,аs сlоsеr to the ссп-
ter, п.hile the otirer сlоsеr to the eclge апсi thеiг
intensities wouid Ье соtпраrаые. Thc tilrre of orte ех-
роsurе was 5s. In all three cases the locations clf t}re
spectTai feature being analyzed rеlпаiпесl unchanged
to а higlr ассuгасу. The standard deviation did rrot
cxceed 0.02 pixel. Wъ did not rечеа1 periodic: varia-
tions. The location of the сепtеr of gravity uпсlеrlчепt
insignificant r.,ariatioris rvith а period tоооs (Fig.3d).
Ноwеtеr, t}re amplitude of these va,riaticirrs rvu, .*-
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Figurе 2: The uрреr part of the left рапеl tli,sрlауs the pouler sqlectrum ot the photodi,ode li,ght uariatiort, ulith

rпоdulаtеrl iпtепsitу (see teпt) . The locati,cln ot the ltаr,rпопliс Р i,s i,ndicatec],, ulh,ich corresylonds to th,e yleriod

о! mоd,ulаtiоп 37.63s. Besides, mult,iple freqllertci,es Р/2 (half реriоd), Р/3 are,iпdi,ccl,tec],. The аrrоu mаrlts

the location о! the hаrmоп,,iс соrrеsроп,d,iпg to the rrlost улоuеful peak (реriоrl 62 s) оп the роulеr, sylectrum of
соuеr,iпg (lошеl,раrt of the left рапеl). This соrrеsроп,сls to th,e реriслd oJ reyletition ot the Ьеоzппirtg of еrрОsu,rе

ot the пелt frапtе. Оп the ri,ght рапеl ,is presertted the modulatiort, yleriod phose сu,rче.
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Figuге 3: Ttme uariat,ion iп photometric апr], qlosit,iclnal сhаrасtеr,ist,iсs: а) fl,ur чаriаt,iоп ,iп, tlte ylortion ot the

spectrurrt, ry 50 l oJ the 2леrmапепtlу em,itt,ing pLbotoclzode (,поrmаl,izеd to tlbe rпеаrt, flu,r чаluе), Ь) rati,o of th,e

!1uхеs ill ille "Ьluе" апd "red" ul,ings ot its еrп,i:;si,оrl Ьrl,пd, с) 1losition of th,e mаri,mum о! iпtепsi,tу of this ЬаПd,

d,) posi,tion of the sресtrulп сепtеr of gr,аuitу (tcloss the dtsptэrsioll, е) о,пd f) position о! tlte сепtеr of grauity

oJ the l,iпes L1 апd L2 (Fi,g"1, ri,ght улапеl).

trепrеlу smali, =0.001 pixel, Such variatioris rna1, Ьс srrlt in liпеаr dc:formations п,ith an amplitude of 0.03

caused Ьу the thеrmа} irrstabilities of the CCD, as rrricron. Thus in оur case linear deformations witlrin
rvell as Ьу the iristability of tlie light sоurсе pclsitiorr alnplitude of g 0.001 pixel rnay Ье expected. T}ris is

on tlre errtrance slit. А change of the positiorr of about п,lrу tlre чагiаtiопs shorvn in Fig.Зd mау in ргiпСiРlе
0.001 pixel оп t}re dсtсс:tог corresporrds to а charrge Lle сопrрlеtеlу explaiTred Ьу tеrпреrаturе instabilities.
of the position of t4 rniсron ort tire eritrance slit. Ttre
ccD в,е use has tlre tепrреrаturе instabilitr. to ап
ассuгасl-оf 0.1К. The tеmреrаturе was k"pi u,, u._ 4, Potentialities of the method
сLtгаtt] duгirrg the ц"lioie ехреriпtепi' Ассогdirrg tcl the 'Io illustrate potentialities of the fast spectroscopr-
investigatiorrs of Bu{lirrgtolr et al. (1990), this mа.,' Ге- йrйr. with а CCD, We presetrt 29 sресtга
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Figrrre 4: The sequence oJ rlormalized, s|lectra of tlte mh,ite tlшагf И'D 16lt7+5g1 rlear the li,п,е Нз. Ti1t: еrtrlоыrе
time of а separate sресtrum is 10s. The pa,Llses Ьеtulееп the arllac,erlt strlectra аrе lеss tllап 0.05 s.

(1frаmе) of the pulsating w}rite dwarf WD 1647+591
(V:121'2) rvith а time resolution of 10s (}'ig,4). Tlic
end of ехроSurе of one of therrr and tlre beginning r;Г
tlre next one ч/еге separated Ьу 0.05s. The спtrаIlсе
aperture was а сirсulаr diaphragm of 1''.

This technique turns out to Ье most ci]icierlt
at exposure times of а fец, fractions of а second
to а fevl rrrinutes. T}ie tecirrrique obtains spectra of
short-pericld and гарid rtotrstationaгY procesSes. Fig.5
show,s stеllаr magnitrrdes accessilэlc to observations,
тhе relatiotls аIе coпrputed cln the basis of the de-
tectability thresho]d of the sресtrоgгарh SP-124 witlr
the siit complete}y open (Neizvestrry et ai., 1998) rvith
allowance made for the CCD rеасlоut rroise arrd sky
backgrourrd. Ассогdiпg to Neizvestny (1982), the sky
background at SAO in the V band on а moorrless
night is 2\|,4f о", and the mеап seeing. ac:cording to
Afanasiev (1995), is 2''. At shоrt tiures tlre length of
exposure is limited Ьу the unceгtairrty of tiпrе cali-
bration (left vertical dashed line of Fig.5). \\iith loirg
acquisitions the total tirne of ccD ехроsriге rvitirout
readout is restricted Ьу degгadatiorr оf the inrtrgc Ьч
cosmic particle trасеs and Ьу the l,alue of dагk сttr-
rent. The inclined dashed lirre гергс:sепts а sitttat,ion

5200
(А)

rr,hеrе t,hc polsstlrriari noise is соrrrраrаillе wirh tirt:
CCD гс:tidоut noise, Belorv this linc is tlre regiorr of
fluxcs at whiclr the slgrr;э,1 is irigtrer t}iaIr tire CCD
гсаdоut rroise. TIre раiг оf so]id iirres rеfег to two sig-
nal/rroise rаtlо \ralues 10 ant1 100 in а singlc ex1_1clsurtl.
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Figure 5: The Telation Ьеtuееп the stellar rпаgпitudе iп the V filter, !оr шhi,сh the speci,fr,ed S/N ratio сап Ье

obta,i,ned,. Ti,m,e ,is пхеаsu,rеd, iп second,s. The calculat,ion is accompli,shed fоr the completely орепеd sli,t апd the

rпеап sее,iпg of 2". The uertical dashed li,nes mаrk the еrроsurе timrc Ьоuпdаr,iеs tлi,thi,п шh,iсh а rпаri,murrt

gа/,п is achieued, i,п, u,si,пg the fast sресtrоsсору tесhпi,quе аs сопlраrеd to the оrd,iпаrу rпоdе о! оЬsеruаtiоп. The

iпсliпеd line rерrеsепts а situation the Ро,issопiuп ,поi,sе is сопtрш,аЬlе uli,tlt the CCD rеаdоut пО'isеs.
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